
Ab initio shell model with a
chiral-symmetry-based
three-nucleon force for the
p-shell nuclei

P. Navratil, A.C. Hayes, J.P. Vary, and W.E.
Ormand

September 25, 2003

UCRL-TR-200505



 

This document was prepared as an account of work sponsored by an agency of the 
United States Government. Neither the United States Government nor the University of 
California nor any of their employees, makes any warranty, express or implied, or 
assumes any legal liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process disclosed, or represents 
that its use would not infringe privately owned rights. Reference herein to any specific 
commercial product, process, or service by trade name, trademark, manufacturer, or 
otherwise, does not necessarily constitute or imply its endorsement, recommendation, or 
favoring by the United States Government or the University of California. The views and 
opinions of authors expressed herein do not necessarily state or reflect those of the 
United States Government or the University of California, and shall not be used for 
advertising or product endorsement purposes. 

 
 

This work was performed under the auspices of the U.S. Department of Energy by the 
University of California, Lawrence Livermore National Laboratory under Contract W-
7405-Eng-48. 



�

���������
	������������������������� �"!#�%$'&(�)�"*+$,�.-/102�3���4!#*506-879$:5���;!#��*����<-/=?>)&��"���@=BAC�:*D&E�
AC�:*F!#���HG�-/������I�J=�>)&E�����
K�LNMPO1Q�RSO#T
UWVYX�Z\[N]^L`_aLcbaO1d(egfih4[cj�LcK?Llk9O+Rid4min�O+o�prqsLctuL`vwRSxFO+olp�X
X�y O1zJRSe\o�{\e y U|Q(egRSx~}(RSe�MPO#T
UW}(oNO+V y O#�,}(RSO#T
}+Rid([
y:��� � � [lK�L`v�LN��}5�r�(�(��[ y U|Q(e\RixF}+RSe+[N_�O+VYU|�.}(RSolUYO�� �4�+� � [l�a��]
h1�u�leg}(RSe/T
UW{1O+V6�wU|Q�UWfSUW}(o@[ y }+f�]PV�O+x~}(fuMPO#T
UW}(oNO+V y O+�,}+R
O#TS}(Rid+[
y }(fu]aVYO+xF}+f\[lM�egz�� e/��UY{g}��<� �#�4� [��w��]
mC�we\�NO#RiT
x~e\o<TJ}+�2K)�<d�fiUY{gfwO+olpr]PfiT
Ri}(ol}(x^d([N��}5z�OF�ET
O#T
e��Po�UWQ(egRSfiUWT�d([N]PxFegf\[N��}5z�O � �(� �(� [l�a��]
�u��e��<��� �N� ¡"�I¢�ol} � {\}(Rieafi�le\VWV,x~}�p�e\V�£�Ma_u�l��¤�UWf�e/�ETSe\olplegp¥T
}¦UWol{\VW§lpleaO¦RSe\O+VYUWfiT
UW{uT
�lRie\e � �,}Ep�d

UYo<T
egR
O+{/T
UW}(o�UWoH{1O+VW{\§lVYO#T
UW}(olf��.}(R�¨ � fS��e\VYV`o4§l{\VWe\U�L�q©ew��RSe\fie\o<TJRSegfS§lV|T
f�}#�?ªlRSfiTuO+�l�lVWUY{1ODT
UY}+olf�§lfSUWol«
T
�le�]PRS«(}+olole�k¬�DJoE§�{\VYeg}(o � oE§�{\VYeg}(o®£�MPMw¤��`}+T
ego4TSU�O+VaO+olp¯T
��e°�?§l{gfS}(o � �±e\VW�,}+§lRSole����r�£��(�<¤
T
�lRie\e � o4§l{\VWe\}(o�UWo<T
e\RSO+{gTSUY}(o²£"�JMP�C¤8L@��o�O+plp�UWT
UW}(o±TS}¥UYol{gRSe\O+fSe�}#����UYolplUWol«Hegole\Ri«+d([:z�e³}(�lfie\RCQ(e~O
T
Rie\olp¥T
}5z�O+RSprVWegQ(egV � }(RSplegRSUWol«³O+olprVWegQ(egV � fS�NO+{gUYol«³UWxF��RS}5Q(egxFego4TJUWo¥{\}(x~�NO+RiUYfi}(o�T
}�e8���`e\RiUYx~e\o<T1L
qBUWTS�3T
�le��JM��~z�e�}(��T�O#UYoBO´{\}+RSRSeg{gT «(Ri}(§lolp � fiT
O#T
e�fi�lUYo3�.}(R¶µ"·
�¸{g}(o<T
RSO+Rid¹T
}'{1O+VW{\§lVYO#T
UW}(olf
zJUWTS�´MaMº�,}#T
e\o<TSU�O+VWf^}(o�VWd(Lrq»e¥O+VYfi}¶UWo4Q+e\fCT
UY«(O#T
eFole\§�TSRSUWol} � µ"¼�_½e/��{\VW§lfSU|Q(eH{gRS}(fif�fSeg{gT
UW}(olf³O#olp
x�§l}(o�{\O+��T
§�RSe~}(o µ"¼ _aL6q»e�fS�l}5z¾TS�NO#T�RSe\O+VYUWfiTSUY{�o4§l{gVYe\}+o � o4§l{gVYe\}+o»UWo4TSe\RSO+{gTSUY}(olf¬§�olple\Ri�lRSegplUY{/T
T
�lePe/���`e\RSUWxFego<T�O+V,{\RS}+fSfufSeg{gTSUY}(olf��4d�O^�"O+{/T
}(R�}+�¿T�z�}³}+R�x~}(RSe#L)��dFUYol{gVY§lplUWol«^TS�lew�JM���O^x�§l{��
�,e/TSTSe\RJO+«(Rie\egxFego4TJzJU|T
�re/���`e\RSUWxFego<TPUWfJO+{��lUWegQ(egp�O+VW}(ol«�zJU|T
� O+o e\ol{g}(§lR
O#«(UYol«³TSRSe\o�p@L

ÀNÁHÂ �^� �N� ¡"�I¢�Ã±ÄlÅgÆ^ÄcÇ�È»É@Ê?ÈEË"Ë�ÌÍÄ¿Î6È�Ë9Ï�Ð Ñ�Ê�Ò´ÓHÈ�Ô:Õ�Ð"Ô?È�Ö¦Ê6ÇDÈ4È(Å
×�Ä¿Î6Ø¹ÙgÔ,Ñ5È4Ç�ÒNÚ+Ñ�Ð.Ä,Ô
�ÛT UWfrz�e\VWV�e\fiT
O+�lVWUYfS��e\pBT
�NO#T T
��e°x~}Eple\RioÜO+{g{\§lRSO#T
e»MaMÝ�`}+T
ego4TSU�O+VWf¥x�§lfCT±�`e»O+§l«(x~e\o<T
egp

�<d±Rie1O+VWUYfCT
UY{wTS�lRSege � �,}Ep�d UYo<T
egR
O+{/T
UW}(olfJUYo±}(RSplegR�TS}�Rie\�lRi}�pl§�{\e¦e8���,egRSUYx~e\o<T
O+V6�lUYolp�UYol«~e\olegRS«(UWe\fg[
fS{\O#TSTSe\RSUWol«�}(�lfie\RiQ#O+��VYe\f�O+o�p±o4§l{gVYe1O#RufiT
Ri§l{gTS§lRSe�}+��ÞsßBà�oE§�{\VYegUIL
��o³TS�lUYf��lO+�,egR\[(z�eJ�lRSUWegáld¦�lRSegfSe\o<T9e/�ETSe\olfiUY}(olf9O+o�p~x~}EplUWªN{\O#T
UW}(olf?}+�cT
�leJMa_u�l�ãâ � [äàDå�ole\egple\p

zJ�le\oæO´«(ego4§lUYole¶�JMP�~UYfHUWol{\VW§lple\pBO#f�z�egVYVaO+f¥RSegfS§lV|T
fH}+��ªNRifiT O+���lVYUW{1O#TSUY}(olfgL%�u�le�fCT�O+RCT
UYo�«
baO+x~UYV|T
}(o�U�O+oPUYf6ç³èré µè�ê¥ëYì#íJîIïð8ñ�ò ïðióCô|õ¼Ûö ÷ ê

èëYì#í:øcù�ù`ú ëûí ÷ ê
èëYì#í8ìEü6øNù�ù�ùcú ëýíiü L?q»e�e\x~�lVY}5d�OuV�O#RS«(e)�l§�T

ªNolU|T
e��lO+RSx~}(olUW{ � }+fS{\UWVYVYO#T
}(R)£�bwv�¤6�NO+fSUWf\L2�w§le�T
}a�lRS}(�`e\RCT
UWe\f�}+�NTS�le�Rie1O+VWUYfiTSUY{�o4§l{\VWe1O+R2UYo<T
egR
O+{/T
UY}+o
z�e³�lO5Q+e³T
}¥plegRSUWQ+e�O+o�egþ,e\{/T
UWQ+e³UYo<T
egR
O+{/T
UW}(o�O+�l�lRi}(�lRiU�O#TSe^�.}(RaTS�le³fSegVYeg{gT
egp°ªlolUWTSe��NO+fiUYf¬fS�lO+{\e#L
��}²�"O+{gUYVWUWT�ODT
e±TS�lUYfg[az�e°x~}EplUW� d¹T
�le°baO#xFUWVWT
}+olU�O+o¹�<dæO+plplUWol«²T
}'UWT»£"O+olpæfS§l��TSR
O+{/T
UWol«²�.RS}(x
UWTrUWoBTS�le°e\olpc¤HT
��e°{ge\o<T
egR � }+� � xFO+fSf©£I_u�¶¤rbavÿbaO+x~UYV|T
}(o�U�O+o�ç����ÿé ����� ÷�� ���a[azJ�le\Rie
� ���¹é µ¼ Þ
	�� ¼�� ¼ [ �Üé µè ê èë�� µ � ë L)�u�le¬x~}�p�UWªNegp¥baO+x~UYV|T
}(o�U�O+o~UYf9T
�lego±ç��è é ç³è ÷ ç����¹é
ê èë�� µ�� ë ÷ ê

èëYì#í ø � ú èëûí ÷ ê
èëYì#í8ìEü øcù�ù�ù`ú ëýíiü [ zJU|T
� � ë é ïð õñ¼Ûö ÷ µ¼ 	���¼ � ¼ë O+olp ø � ú èëûí é øNù�ù`ú ëýí�� ö � õ¼ è £ � ë��

����� �"!$#&%('*)+#�,(!$-/.0'213%4'65�.078�:9;-<,('2=?> 9<7@.0'?=6� .A,(><!2-<�CB�.0!D%E1 =*� .AFHG(I�GEJK.�-/,E'6=65�.�9L=�%E1�MN9 .0'6O4PRQSPT=*� .AFU9 �CV(.0'*!6�W=XP
%(1�Y&,EZC�:13%('*9 �C,<[@\],�#A'*.�9<B�.T\]�:V4.�'*5�%('*.K^_,E=6�C%(9<,(Z�\],(Q/%4'*,E=6%('*P�> 9<7@.0'_B`%49L=6'a,(Bb=A^U%/G�cedXfhg4iLj�dkMN9 O(dlgLm Gn ��� �"!A#&%('*)o#&,4!p-/,E'6=6ZCPq!2><- -/%4'2=*.07rQSPqFHGsI�G<J+tRMvu$wKdki4xhdymSfhMpzAg4i4{LfS|4G



à

� í ¤C¼\L¶M�e/�ET�z�e�plU|Q�UWple�T
�leFÞ � o4§l{gVYeg}(o´UYo�ªNolUWTSe�bav �NO+fiUYf¦fi�NO+{geHUYo<T
} T
�le~ªNolU|T
eFO+{gTSUWQ(eFfS�NO#{\e
�º{\}(x~�lRSUWfSUWol«�O#VYV?fiT�ODT
e\fa§l��T
}���� X�� bav e8��{\UWT
O#T
UW}(olfaO+�,}5Q+e¦T
�le¦§lol�`e\RiTS§lRS�`e\p�«(Ri}(§lolp�fCT�O#TSeO+o�p±T
��e¦e/��{gVY§lplegp�fS�lO+{\egf���Lu�u�le¦�NO#fSUY{�UWple1O�}+��TS�le¦Ma_u�l� O+���lRS}<O#{��¶UYfJT
}FO+�l��VWd O�§lolUWT
O+Rid
TSR
O+olfC�.}(RSxFO#TSUY}(o±}(o¶T
��e�xF}EplU|ªNe\p¶baO+x~UYV|T
}(olUYO+o@[
	 ò�� ç �è 	 � fi§l{���T
�NO#T��	 ò�� ç �è 	 � � é���Laq»e
O+���lVWd^T
�lUWf�O+�l��RS}<O+{��³zJU|T
��Ow{\VW§lfiTSe\R�O+���lRS}1��UYxFO#T
UW}(o@L¿qB�legoFOw«+e\o4§lUYo�eu�JMP�?UYf�{g}(olfSUWple\Rie\p@[<TS�le
fiUYx~�lVYegfiT�{\VW§lfiTSe\R�O+�l��RS}1��UYxFO#T
UW}(o��lRi}�pl§�{\e\f^OHT
�lRie\e � �`}�p�d�egþ,e\{gTSUWQ+e~UWo<T
e\RSO+{gTSUY}(o:L��u�leFMw_u�l�
{\O+VY{g§lV�O#TSUY}(o¥UWf�T
�lego±�`e\RC�.}(RSx~e\prUWor�.}+§lRufiTSe\�lf��
£"U ¤^q»erfS}(V|Q(e O�T
�lRie\e � o4§l{\VWe\}(o¹fidEfiTSe\xÿ�.}(R~O+VWV��,}+fSfSUW�lVYeHTS�lRSege � oE§�{\VYeg}(o;{��NO+ololegVYf�zJUWTS�;TS�le

bPO+xFUWVWTS}(olU�O#oHç �è [ UIL e+L|[l§lfiUYol« � µ ÷ � ¼ ÷ �
� ÷ ø �
ú è
µ"¼ ÷ ø �

ú è
µ � ÷ ø �

ú è
¼ � ÷ øcù�ù�ùNú µ"¼ � L£"UYU�¤?q»e�{g}(olfCT
RS§�{gT�T
�leJ§lo�UWT�O#Rid�TSR
O+olfC�.}(RSxFO#TSUY}(o¦�.Ri}(x®TS�leuT
�lRie\e � o4§l{\VWe\}(oFfS}(VW§�T
UW}(olf�§�fSUYo�«�TS�le

y e\e � ��§��\§��4U?�lRS}E{\egpl§lRSeFâ��#å?O+olpr{\O+VY{g§lV�O#TSewT
�le¬TS�lRSege � �`}Ep�d¥egþ,e\{/T
U|Q(e�UYo<T
egR
O+{/T
UW}(o@L
£"UYUWU ¤@]af�TS�le�T
��RSe\e � �`}�p�d¦e/þ:eg{gT
U|Q(euUWo4TSe\RSO+{gTSUY}(o�UWf�plegRSUWQ+e\p�UYo^T
�le�j(O+{g}(�lU � {\}E}(RiplUYoNODT
e�bwv¯�NO+fSUWf

�l§�T�TS�leu¨ � fi�le\VWV:{\O+VY{g§lV�O#TSUY}(o�fuO+RSe¬�`e\RC�.}(RSx~e\p¥UWo OF_�O#RiT
egfSUYO+o � {g}�}+RSplUWoNO#T
eafSUYo�«(VYe � �NO+RCT
UW{\VYe��NO+fiUYfg[
z�e^o�e\e\p T
}��`e\Ri�.}+RSx O�fS§�UWT�O#�lVYeaTSR
O+o�fi�.}(Rix�O#TSUY}(o¥}#��TS�le�UYo<T
egR
O+{/T
UY}+o@L
£"UWQ�¤�q©e^fS}(V|Q(e�T
�le���{��lR��}(plUYo�«(e\RPe��4§NO#TSUY}(o �.}(R�TS�le¦Þ � o4§l{gVYe\}+o¶fidEfCT
e\x §lfiUYol«¥OFbaO+x~UYV|T
}(o�U�O+o

TS�NO#T�UYol{gVY§lp�e\f�T
��e�p�e\RSU|Q(egp±T
��RSe\e � �`}�p�d¥egþ,e\{/T
UWQ+e�UYo<T
egR
O+{/T
UY}+o@L

�@Á������ Ë�Ð"Ú(Ò�Ñ�Ð.Ä`Ô'Ñ5Ä'µ"·8×
v¬§�R^µ"·8�%e/��{\U|T�O#TSUY}(o¶e\olegRS«+d¶RSe\fi§lVWTSf¬O+Rie�fS�l}5zJo�UYo! 2UY«lL � L¬q©e�o�}+T
e¦TS�NO#T¬}+§lRw{1O#VY{\§�V�O#TSUY}(olf

zJU|T
��RSe\O+VYUWfiTSUY{�T�z�} � o4§l{\VWe\}(o�UWo4TSe\RSO+{gTSUY}(olfP�lRSegplUY{/T�O+o�UWol{\}+RSRSeg{gT¬«+RS}(§lo�p � fCT�O#TSe�fS�lUWo�UYo±T
�lUWfwo4§ �
{gVYe\§�f�â àDå�[¿UIL e+L|[ �#" µ �¥UWolfiTSe1O+p�}+��T
��e~e8���,egRSUYx~e\o<T
O+V$� " µ ��L��u�le³fSO+xFe³��RSe\p�UY{gTSUY}(o�UWf¬}(��T
O+UYolegp��<dTS�le�%� )��_�xFe/T
�l}Ep¹â � å�L¥vw§lR�Rie\fS§�VWT
f�}(��T
O+UYo�e\p°§lfSUWol« TS�le����  £"�(�<¤w�JMP�wUWolplege\p©fi�l}5z¾T
�lO#T
TS�le�T
�lRie\e � o4§l{\VWe\}(o�UWo4TSe\RSO+{gTSUY}(o��lO+f¬OH�`}(fSU|T
UWQ+e¦UWxF�NO#{gTw}+o�T
�le�e8��{\UWT
O#T
UW}(o�fi�,eg{gT
Ri§lx O#olp�{\}(R �
Rie\{gTSfPTS�le�VYegQ+e\V6}(Riple\RiUYol«~�<dr�lRSUWol«(UYo�«�T
�le� " µ ��fiT
O#T
e��`e\VY}5z T
�le � " µ ��fiT
O#T
e�UYo±O+«(Rie\egxFego4TJzJU|T
�e8���`e\RiUYx~e\o<T1LB��o;T
�le&%' ���_ {1O#VY{\§�V�O#TSUY}(olf³}#��(�e/��L�â � åI[�TS�le {\}(RiRSe\{/T±µ"·�� «(RS}(§�olp�fCT�O#TSe z�O+f
}(��T�O+UWole\p±§lfSUWol«~TS�le¦��VWVYUWol}(UYf��JMP�u�l§�TPTS�le � " µ �F«(Ri}(§lolp fiT
O#T
e^RSegx�O+UWole\przJ�lego¶T
�le^�PRi�NO+oNO~�*)�JM���z�O+f�egxF��VY}5d(egp@L9_�}(x��lUWole\pFzJUWT
��}(§lR�}+�lfSegRiQ(egprfSe\o�fSUWTSUWQEUWT�d��.}(R9�lUW«(�le\R�e/��{\U|T
egpHfiT
O#T
egf�T
�lUWf
fi�l}5zJfJTS�NO#T�oE§�{\VYe\O+R�fCT
Ri§l{gTS§lRSewzJUWVYVc�lV�O1d�O+oHUWxF�`}(RiT
O+o<T�Ri}(VYe�UYo�plegTSe\RSx~UYo�UYol«�T
�lea�.}+RSxºO+olpHTS�le
�NO#R
O+x~egTSRSU+�\O#T
UW}(oH}+��T
�le¬TS�lRSege � o4§l{gVYeg}(o±UWo<T
e\RSO+{gTSUY}(oHTS�NO#T�UYfufCT
UWVYV:o�}+Tuz�egVYV,�4ol}5zJo@L

-@Á Ã ÈEÕ6Ñ5ÇDÐ"Ô?Ä/.1Ú(Ò�Ñ\Ñ5È4Ç#Ð"Ô10»Ä`Ô µ"¼\Æ
�u�lewT
RSO+olfSU|T
UW}(oF�.Ri}(xºTS�le¦µ"¼/_3254 674<TS}�T
�lea��é �³� " fiT�ODT
e\fuUWoHxFO+fSf � à¦UYf�Q+e\RCd¥fSegolfSU|T
UWQ+ewT
}�TS�le

fCT
RSegol«+TS�H}+�@TS�lePfi�lUYoF}(RS��UWT9UYo<T
egR
O+{/T
UW}(o@L���fSUWol«¦}(§�R�Ma_u�l� z�O5Q+ea�.§lol{/T
UW}(olf\[4z�ea{1O#VY{\§�V�O#TSe\p~e/� �
{gVY§lfiUWQ(e�µ"¼/_38:9<;æµ"¼8M=8:9�£�>@?�AB	 ò ¤�O+o�p�£�>#C�AED ò ¤�ole\§�TSRSUWol}¦{gRS}(fif�fSeg{gTSUY}(olf�O+f�z�e\VWV:O#f�x�§�}(o�{\O+��T
§�RSe
}(o´µ"¼8_º£"fie\e���O+�lVYe � ¤/L��u�legfSe��lRS}E{\egfSfie\f^O+RSe�{��lO+R
O+{/T
egRSU+�ge\p��<d¶Q#O+fCT
VWd±plU|þ:egRSe\o<T�egole\Ri«(UYegf�O+olp
x~}(x~e\o<T
§lxÝT
RSO+olfC�.e\RSfgL��u�le¥oleg§�T
RiUYol}�fi�,eg{gTSRS§lxã�.}(R¦egVYe\{/T
Ri}(o²ole\§�T
RSUWol}(f¦�.Ri}(xÝple\{\O1d � O#T � RSegfiT
£"��]F(a¤¿}+��TS�le9�lUY}(o��`e1OG�4f�O+RS}(§�olpH�(�P�±e/k�zJ�lUWVYe�T
��e¬£�>#CIABD ò ¤@oleg§�T
RiUYol}�{\Ri}(fSf�fSe\{/T
UW}(o^TS}�µ"¼8MJ2K4 6:4
{g}(RSRie\fS�`}(olp�fJTS}³x�§l}(o�ole\§�TSRSUWol}(f��.RS}+x pleg{1O1d � UWo � áNUW«(�<T�£"�w�7 )¤9}+�6TS�lew�lUW}(o@L��u�lUWfufS�`e\{/T
RS§�x UYo �
Q+}(VWQ+e\f�ole\§�T
RSUWol}(f¦zJU|T
�²O#o'O5Q+e\RSO+«(e¥e\o�e\RS«#d´}+�PO+�`}(§�T � � ���±e/k�L�� §l}(o'{1O+��T
§lRieHUYo<Q(}+VWQ(egf�O+o
O1Q(egR
O+«+ewxF}+xFego4TS§lx¾T
RSO+olfC�.e\R�}#�,L'M � �(���±e/k�N#{#L)�u�le�_�� � ��}(oloFUYo<T
egR
O+{/T
UY}+o�£ zJUWT
��}(§�T��JMP�C¤
Rie\fS§�VWT
fFUYolp�UY{1ODT
erO+o�O+�l�lRi}<O+{��¹TS}»{g}(o<Q(egRS«(egol{\e��<dPO�Q� � ��§�T�e8���,egRSUYx~e\o<T~UYf~§lolp�e\RS��RSe\p�UY{gTSe\p�<d'O+�`}(§�T~O��"O+{/T
}(R¦}+�¬à�}(R³x~}(Rie+L»qB��e\o'T
�le¥�JM��¦UYf³UWol{\VW§lplegp´zJUWT
�²TS�ler]?kw�#�UYo<T
egR
O+{/T
UW}(o
TS�leH�lRie\plUW{gT
egp'��]F(º{gRS}(fif�fSeg{gTSUY}(o²O#olp´x�§l}+o´{1O+��T
§lRieHR
O#TSe�UWf^}(o�VWd»O+�`}(§�TR�+�TS VY}5z�egR^TS�NO+o
e8���`e\RiUYx~e\o<TJzJ�lUYVWewT
�le��w�7 ²{\Ri}(fSfJfie\{gTSUY}(o UYfuUWo¥�"O+{gTJUWo±O#«(RSege\x~e\o<TJzJUWT
�re8���`e\RiUYx~e\o<T1L



�

��

��

��

��

��

��

��

��

��
(

�>
0

H
9

@

1+  0

0+  1

3+  0

2+  0

  Exp 466

2+  0
1+  0

$9�


� �
=15 MeV

4+  0

2+  1

4+  0

1+  0

3+  0

0+  1

3+  0

2+  0

1+  0

466

3+  0

2+  1

2+  1

2+  0

2+  1

��%

9 �������9 �����	�

����$9�


�70
����

� �
=15 MeV

 2UY«+§lRSe � L y egQ+e\VYfP}+��µ"·8�Ü}+��T�O+UWole\p±§lfSUWol«�]6k¬�D
O+olpr]6k¬�# ÷ ��� .£��(�<¤�UWo<T
e\RSO+{gTSUY}(o�f\L

0

0.5

1

1.5

2

2.5

3

-2 0 2 4 6 8 10

N max

B
(M

1;
 0

+  0
 -

> 
1+  1

)

Exp
AV8'+TM'(99)
CD-Bonn
AV8'

 �UY«(§lRie´àEL �¬£�� � ¤rQ#O+VW§le\fg[�UYo D@¼ 
J[�}+�³T
��e
� " � ; � " � TSR
O+olfiUWTSUY}(o¥UWo�µ"¼/_aL

�2O#�lVYe �
K)RSe\p�UY{gTSe\pÍz�e1OG� UYo<T
egR
O+{/T
UY}+o%R
O#TSe\f¶�.}+R¶T
�le;µ"¼/_ ; ��é �3� " T
R
O#olfSU|T
UY}+olf\L �u��e²§lolUWTSf�O+Rie
� � ò�� ¼
{gx�¼�£i£�> ? A5	 ò ¤u�J]�(P¤/[ � � ò�� ·
{\x~¼¦£S£�>#CIABD ò ¤��w�7 )¤�O#olp � � � fSeg{ ò µ¬£ D � {1O+��TS§lRSe1¤/L
��o<T
egR
O+{/T
UW}(o _�� � ��}(olo _�� � ��}+olo _�� � ��}(olo ]6k¬�D ÷ ��� "£"�(�<¤ e/���`e\RSUWxFego<T
��O+fiUYfJfS�lO+{\e àIQ� � � Q� � O�Q� � � Q� �£�> ? A5	 ò ¤ àEL à(� ��Läà ��L O(� O�L � ��L �����L �����L � â O#å
£�>#C�AED ò ¤ ��L � O+� ��L à+� � ��L � � à ��L � �<� ��L � O����Lä�(�����L � â ��å
D � {\O+��TS§lRSe � L � O à�L �<� à�L �(� � L � � O�Lä�����L � â �Då

�u��e�{\}+ol{\VW§lfSUW}(o¦plRSO1zJo^�.RS}+x%T
�le�ole\§�TSRSUWol}P{gRS}(fif�fSeg{gTSUY}(o^RSe\fi§lVWTSf�UWf?�.§�RiT
��e\R?fS§l�l�`}(RCT
e\p¦�4d�}(§�R
�¬£I� ��� � " �; � " � ¤�RSegfS§lV|T
f��lRie\fie\o<T
egp±UWo  2UY«�L)à�L)�u�lea{1O+VW{\§lVYO#T
UW}(olf�zJUWT
�¥à � �`}�p�d~�.}+RS{\egfufS�l}5z
f
O#TS§lR
ODT
UY}+oFO#olp�§lo�ple\Ri�lRSegplUY{/T�T
��ePe8���`e\RiUYx~e\o<T��4dFO+VWxF}+fiT9O��"O#{gT
}+R9}#�:T
��RSe\e#L���d~UYol{gVY§lp�UYol«¬T
��e
�JMP��[lTS�le��¬£I� � ¤�Q#O+VW§le¬UYo�{\RSe\O+fSegfJplR
O+xFO#TSUY{1O#VYVWd+L

�����������¬Ã�Æ��^É
� L¾K?LcMaO1QER��O#TSUYV�[Nj�LcK�Llk9O#RidrO+o�p±�PL (�LN��O+RSRiegTST\[cK)�4dEfgL (JegQ`L,_ O(à £�à+�(�(�(¤�� �#� � �(� L
à�L¾K?LcMaO1QER��O#TSUYV¿O#olp qsLctuL`vwRSxFO+olp:[NK)�4dEfgL (JegQ`L y egTiT1Lc�(� £�à+�(�<à(¤ � � à � �<àEL
��L��³L`��§��\§��4U?O+olp¶�,L���L y ege+[cK)RS}+«lLN�u�le\}+R\LcK)�<d�fgL O � £ � �(�(�(¤�à+�(� � L
� L �`LN]¦L`_�}E}(o O+olp±b^L �³LNbaO#o@[  Negz � ��}�p�dr�EdEfiT
egxFf=�(� £�à+�(� � ¤ � � � L
� L �`L`_aLcK�UWe\�`e\Rg[ ��L�k9O+RS«<O�O+o�p&(�LN�aLlqBUWRSUYo�«<O�[lK)�<dEf\L (JegQ`L`_ O O £�à+�(�<à(¤�� �(� � � ��L
O�L y ��MP�®{g}(VYVYO+�,}+R
O#TSUY}(o@[ y LN�aLN]P§le\Ri�NO+{��"!/¡��$#&%Y[NK)�<dEf\L (�e/Q`L`_ O � £Ià#�(� � ¤�� O �(� � � L
��L y ��MP�®{g}(VYVYO+�,}+R
O#TSUY}(o@[ y LN�aLN]P§le\Ri�NO+{��"!/¡��$#&%Y[NK)�<dEf\L (�e/Q`L`_ O O £Ià#�(�<à(¤�� � �(� � � L
��L �°L %�U|þ:}(o'!/¡��$#&%Y[NK)�<d�fgL (�e/Q,L`_ à � £ � �+� � ¤uà � � L


